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Andrographolide presents therapeutic
effect on ulcerative colitis through
the inhibition of IL-23/IL-17 axis
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Abstract: Ulcerative colitis (UC) is a chronic and nonspecific intestinal inflammatory disease, which may increase the
risk of colon cancer. Andrographolide is a main active component of Andrographis paniculata. The anti-inflamma-
tory ability of andrographolide suggested its potential therapeutic effect against UC. In the present study, elevated
serum concentrations of proinflammatory factors, including (TNF)-, interleukin (IL)-1B, IL-6 and IL-:23, as well as
increased percentages of Th17 cells (IL-17+CD4+ cells) in CD4+ cells were detected in UC patients compared to
that in healthy donors. These data suggested that Th17 immune responses may involve in the pathogenesis of
UC. Experimental colitis mouse model was then established. The results of hematoxylin and eosin staining dem-
onstrated the therapeutic effect of andrographolide on colitis. Enzyme-linked immunosorbent assay (ELISA), flow
cytometry and western blotting analyses showed that andrographolide could decreased the levels of proinflamma-
tory factors TNF-a, IL-1B, IL-6 and IL-17A in the serum and in the colon tissues, reduced the percentages of Th17
cells in CD4+ cells, and suppressed the levels of IL-23, IL-17A, ROR-yt (key transcription factor of Th17 cells) and
p-STAT3 in the colon tissues. Further, peripheral blood mononuclear cells (PBMCs) were isolated from UC patients
and treated with various concentrations of andrographolide (0, 10, 20 and 30 pg/ml). Andrographolide also showed
inhibitory effects on the levels of proinflammatory factors, the percentages of Th17 cells and the expression of rela-
tive proteins. Similar results were obtained in lipopolysaccharide-treated normal PBMCs. These data suggested that
andrographolide may inhibit Th17 immune response via STAT3 signaling. In conclusion, we demonstrated that an-
drographolide inhibited the activity of IL-23/IL-17 axis and down-stream pro-inflammatory factors so as to suppress
inflammation response, resulting in the relieving of UC.
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Introduction role in the pathogenesis of UC [3]. Studies have

demonstrated that the mRNA levels of IL-23R

Ulcerative colitis (UC), a chronic, nonspecific
intestinal inflammatory disease, usually occurs
in young adults with high recurrence rate. The
incidence rate of UC has been increasing in
recent years [1]. Although the pathogenesis of
UC is not completely elucidated, it is generally
accepted that UC is caused by the disordered
immune response of genetic susceptible host
to intestinal flora. It has been demonstrated
that proinflammatory factors including tumor
necrosis factor (TNF)-«, interleukin (IL)-13 and
IL-6 are closely positive correlated with UC
pathogenesis [2]. IL-23/IL-17 axis has been
reported to regulate the proinflammatory fac-
tors TNF-q, IL-13 and IL-6, thus may play a key

and IL-17 are increased in intestinal mucosa of
UC patients, and that their mRNA levels were
correlated with the disease activity score in UC
patients [4, 5]. Zhang et al. found that mice with
IL-17R knockout or with IL-17R IgG treatment
were more resistant to 2,4,6-trinitrobenzene-
sulfonic acid (TNBS)-induced colitis as com-
pared to wild type mice [6]. Elson et al. indicat-
ed that the antibody against IL-23 subunit p19
could decrease the expression of proinflamma-
tory factors in intestinal tract, resulting in the
apoptosis of Th17 cells and the inhibition of
inflammatory in intestinal tract [7]. These litera-
tures indicate the important role of IL-23/1L-17
axis in the process of UC.
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Current treatments against UC including mesa-
lazine, hormone and immunosuppressive prep-
aration are accompanied with such problems
as complications, inefficacy for some patients
and high recurrence rate [5, 8]. Although bio-
logical agents present excellent curative effect,
serious complications, such as tuberculosis or
lymphoma, as well as the high medical costs
seriously limit its applied range [9]. Therefore, it
is of significant importance to explore a novel,
safe, efficient and economic method for the
treatment of UC.

Andrographis paniculata (AP) is a traditional
Chinese medicine with the effect of heat-
clearing, detoxifying and anti-inflammatory. It
is often used to treat gastrointestinal and
respiratory infectious diseases clinically [10].
Andrographolide as the main effective constitu-
ent extracted from AP belongs to diterpene lac-
tones. Andrographolide possess curative effect
on acute lung injury and bronchial asthma by
inhibiting inflammatory response [11]. Studies
have demonstrated that andrographolide could
down-regulated the levels of TNF-«, IL-1B and
IL-6 [12]. AP extract (HMPL-004) [13, 14] and
andrographolide sulfonate [15], a derivative of
andrographolide could be used to treat UC and
experimental colitis, respectively. However, the
effects of andrographolide on IL-23/IL-17 axis
in UC patients were not completely elucidated.

In the present study, we determined the cura-
tive effect of andrographolide on TNBS-induced
colitis in mice from the histopathological level,
and also investigated the possible mechanisms
involved in the therapy effects of androgra-
pholide. Our data may provide experimental
and theoretical foundation to the exploration of
novel therapy method against UC.

Materials and methods

Clinic samples and isolation of Peripheral
blood mononuclear cells (PBMCs)

The study protocol was approved by the inde-
pendent Ethics Committee of Zhejiang Hospital.
Informed and written consent was obtained
from all patients or their advisers according to
the ethics committee guidelines. A total of 90
patients with UC admitted to Department of
gastroenterology, Zhejiang Hospital and 90 age
matched healthy donors were enrolled in this
study. Serum samples were obtained from all
the participants to measure the concentrations
of TNF-«, IL-1B, IL-6 and IL-23. PBMCs were
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isolated from whole blood samples of 30 UC
patients and 30 healthy donors by gradient
centrifugation with Lymphocyte cell separation
media (Cedarlane, Hornby, Ontario, Canada).
The percentages of CD4+IL-17+ cells were de-
tected in isolated PBMCs by flow cytometry
analysis.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of TNF-«, IL-13, IL-6 and
IL-23 were determined by using ELISA Kits
(Bio-swap, Shanghai, China) following the man-
ufacturer’s procedures. Absorbance value (OD
value) was measured at 450 nm and the con-
centrations of cytokines were calculated by
using standard curve.

Cytokine staining and flow cytometry analysis

PBMCs were resuspended in RPMI-1640 (Hy-
clone, Logan, UT, USA) containing 10% fetal
bovine serum (FBS; Invitrogen, Carlsbad, CA,
USA), 100 ng/ml PMA (Sigma, St. Louis, MO,
USA), 1 pg/ml ionomycin (Sigma) and 1 ug/ml
monesine (Aladdin, Shanghai, China), and cul-
tured on 24-well plates (0.5 x 10° cells/well)
in a 37°C incubator with 5% CO,, for 4 h. Then,
the PBMCs were labelled with anti-CD4-FITC
(Biolegend, San Diego, CA, USA) for 1 h at 4°C.
After fixing with 2% formaldehyde and per-
meabilizing with 0.1% Triton X-100 in PBS, the
PBMCs were stained with anti-IL-17-PE (Biole-
gend) for 1 h and analyzed on a flow cytometry
(BD Bioscience, Franklin Lakes, NJ, USA). Cells
presented CD4+ and IL-17+ were determined
as Thi7 cells.

TNBS-induced colitis in mice

All animal experiments were approved by the
Institutional Animal Care and Use Committee of
Zhejiang Hospital. Specific pathogen-free (SPF)
5- to 6-week-old C57BL/6 mice purchased
from the Shanghai Experimental Animal Center
(Shanghai, China) were allocated into 4 groups
(n=6/group) including Control group, UC group,
experiment group (UC+AG) and positive control
group (UC+ Mesalazine). Colitis was induced in
UC group, experiment group and positive con-
trol group as previously described [16]. The
mice were fasted overnight and anesthetized
by intraperitoneal injection of sodium pentobar-
bital. 2.5% (w/v) TNBS solution in 50% ethanol
was injected using a catheter through anus
(100 pl/mice). The Control group was injected
with 100 pl of 50% ethanol through the same

Am J Transl Res 2018;10(2):465-473



Treatment of ulcerative colitis using andrographolide

A S, 2501 B _ C: 151
= Liid D D * kK
‘= 2001 . £ £
5 e At = 304 c LT
5 " anant S S 101 .
E 150 L] o] ‘é
[0} L € 207 z
2 100 o "% g "Eagggunt® 8 & l:.' s
L] L LT
S §.Z:..-E sem R g
u? @ . [ *
£ o 5 = 4 5o : .
Healthy donors  UC patients Healthy donors  UC patients - Healthy donors  UC patients
D E _ n
= 200- ki Healthy donors UC patients T 304 -
[=2] o Gate: (R1inP1) & Gale (R1inP1) ©
£ " goa UL s J0z-UL 07UR t .
= 1504 S ErRE 65% 35
S o1 1 Q 204
= 3 w S
g 100- ! a o 2 . i
8 ":. S o "
5 = Kl 104 -
8 so- %" 4 T Phepes Treashet
S 5 wibid 2 seees -
_Il 0 w Wf w2 E -oo.
= 0 T T > T T
Healthy donors  UC patients &) Healthy donors  UC patients

Figure 1. The serum concentrations of proinflammatory factors and the percentages of Th17 cells in CD4+ cells from
UC patients and healthy donors. (A-D) Proinflammatory factors TNF-« (A), IL-6 (B), IL-1 (C) and IL-23 (D) were detect-
ed up-regulated in UC patients compared with those in healthy donors as measured by ELISA (n=90, ***P<0.001).
(E) PBMCs isolated from the whole blood samples of 30 UC patients and 30 healthy donors were labelled with anti-
CD4-FITC and anti-IL-17-PE, and then analyzed on a flow cytometry. Higher percentage of CD4+IL-17+ cells in CD4+
cells was detected in UC patients as assessed by flow cyometry analysis (n=30, ***P<0.001).

technique. Two days after TNBS or ethanol
injection, the Control and UC groups were treat-
ed with gastric perfusion of 0.4 mL/d distilled
water. The experiment and positive control
groups were given 0.1 g/kg/d of androgra-
pholide (AG, Sigma) and 0.5 g/kg/d of mesala-
zine, respectively. After a continuous delivery
for 7 d, mice were sacrificed at 24 h after the
last delivery. Blood samples were collected for
ELISA and flow cytometry analyses. Colon tis-
sues were collected for histological, ELISA and
western blot analyses.

Histological analysis

Colon tissues were fixed in 10% formalin for 48
h. Tissues were dehydrated by ethyl alcohol
and transparency by xylene, then embedded in
paraffin and cut into 5 pym-thick sections. The
sections were deparaffinized, dehydrated, and
stained with hematoxylin and eosin (HE).

Western blot assay

Total proteins were extracted from tissue sam-
ples or PBMCs in radioimmune precipitation
buffer (RIPA; Byeotime, Shanghai, China) acc-
ording to the manufacturer’s protocols. Protein
concentrations were quantified by using bicin-
choninic acid (BCA) method. Equal amounts of
protein were loaded on 10% sodium dodecyl-
sulphate (SDS)-polyacrylamide gels. After elec-

467

trophoresis, proteins on the gel were trans-
ferred onto a nitrocellulose blotting membrane
(Millipore, Bredford, MA, USA) and incubated
with 5% skim milk for 30 min at room tempera-
ture. The membranes were incubated with
STAT3 (Cell Signaling Technology, Danvers, MA,
USA), p-STAT3 (Abcam, Cambridge, MA, USA),
ROR-yt (Abcam), IL-17A (Abcam), IL-23 (Abcam)
and GAPDH (Cell Signaling Technology) anti-
bodies at 4°C overnight. Then the membranes
were washed by Tris-buffered saline/Triton
X-100 (TBST) and incubated with horseradish
peroxidase conjugated secondary antibody for
1 h. The protein bands were detected with an
Enhanced Chemiluminescence kit (BioRad,
Richmond, CA, USA) and quantified by ImageJ
software (http://rsb.info.nih.gov/ij/, Bethesda,
MD, USA).

PBMCs treatment

PBMCs were isolated from healthy donors and
UC patients, and plated onto 12-well plates (1 x
1068 cells/well). PBMCs from UC patients were
treated with 10 pyg/mL AG490 (Selleck Chemi-
cals, Houston, TX, USA), or 10, 20 and 30 pg/
mL of andrographolide (AG). In addition, PBMCs
isolated from healthy donors were pre-treated
with three concentrations of andrographolide
(10, 20 and 30 pg/mL) or 10 pg/mL AG490
for 2 h. Then cells except control group were
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flammatory factors (TNF-a, IL-
1B, IL-6 and IL-23), and the
percentage of Th17 cells in
CD4+ T cells, respectively. As
the result shown in Figure 1A-
D, the concentrations of pro-
inflammatory factors TNF-«,
IL-1B, IL-6 and IL-23 significa-
ntly increased in UC patients
compared with those in heal-
thy donors (n=90, P<0.001).
Compared to the healthy don-
ors, UC patients showed a re-
‘ markable increased percent-

S0 age of Th17 cells (IL-17+CD4+)
' in CD4+ T cells (Figure 1E, P<
0.001). The elevated concen-
trations of those proinflamma-
tory factors and increased
percentage of Th17 cells indi-
cated the increased inflamma-
tory response and the acti-
vated IL-23/IL-17 axis in UC
patients.

Andrographolide exhibited

Figure 2. Histologic analysis of colon tissues. TNBS-induced colitis mouse
model was established and then treated with 0.1 g/kg/d of andrographolide
(AG) or 0.5 g/kg/d of Mesalazine for 7 d. At 24 h after the last delivery, the
mice were killed and colon tissues were subjected to hematoxylin and eosin

therapy effect against experi-
mental colitis

staining. Magnification: x 100.

treated with 1 pg/mL lipopolysaccharide (LPS,
Sigma) to active IL-23/IL-17 pathway. After 48 h
of culture, culture media were collected for
ELISA analysis, and PBMCs were harvested for
flow cytometry and western blot analyses.

Statistical analysis

Statistical analysis was performed with Grap-
hpad Prism software (version 6.0, San Diego,
CA, USA). Student’s t test and one-way analysis
of variance with post-hoc test were used to
evaluate differences between two groups and
among more than two groups, respectively. A p
value less than 0.05 was considered statisti-
cally significant.

Results

Higher concentrations of pro-inflammatory fac-
tors and higher percentage of Th17 cells in UC
patients

ELISA and flow cytometry were employed to
measure the serum concentrations of proin-
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In order to evaluate the thera-
peutic effect of andrographo-
lide on UC, a mouse model
of TNBS-induced colitis was established. The
mice were allocated into 4 groups (n=6/group)
including Control group, UC group, experiment
group (UC+AG) and positive control group (UC+
Mesalazine). HE staining was performed to
evaluate the damage in colon (Figure 2). UC
group presented cell swelling, necrosis and
degeneration with massive neutrophil infiltra-
tion, while less severe cell necrosis and normal
architectural were observed after treatment
with andrographolide or Mesalazine, indicating
protective effect of andrographolide on experi-
mental colitis.

Effects of andrographolide on inflammatory
response and activation of IL-23/IL-17 in ex-
perimental colitis

The concentrations of TNF-«, IL-13, IL-6 and
IL-23 in the colon tissues (Figure 3A) and the
serum (Figure 3B) were also measured by ELI-
SA. All the detected proinflammatory factors
were significantly increased in UC group as
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Figure 3. Effects of andrographolide on inflammatory response and activation of IL-23/1L-17 in experimental colitis.
TNBS-induced colitis mouse model was established and then treated with 0.1 g/kg/d of andrographolide (AG) or 0.5
g/kg/d of Mesalazine for 7 d. At 24 h after the last delivery, proinflammatory factors TNF-q, IL-1j3, IL-6 and IL-23 in
colonic tissue (A) and serum (B) were measured by ELISA assay. PMBCs were isolated from the whole blood samples
of mice and the percentages of CD4+IL-17+ cells in CD4+ cells (C) were assessed by antibody labeling and flow
cytometry analysis. The protein levels of IL-23, IL-17A, ROR-yt, p-STAT3 and STAT3 in colon tissues (D) were detected
by western blot. ***P<0.001, compared with the UC group.

compared to the Control group, and notably effect as mesalazine. These data indicated
decreased by andrographolide or Mesalazine that andrographolide could suppress inflamma-
treatment. Andrographolide had a comparable tory response in TNBS-induced colitis.
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Figure 4. Effects of andrographolide in UC PBMCs. PBMCs from UC patients were treated with 10 yg/mL AG490, or
10, 20 and 30 ug/mL of andrographolide (AG) for 48 h. Control cells were isolated from healthy donors and did not
receive any treatment. A: Proinflammatory factors TNF-q, IL-13, IL-6 and IL-23 in the culture medium were measured
by ELISA assay. B: The percentages of CD4+IL-17+ cells in CD4+ cells were assessed by antibody labeling and flow
cytometry analysis. C: The protein levels of IL-23, IL-17A, ROR-yt, p-STAT3 and STAT3 in the PBMCs were detected by
western blot. ***P<0.001, compared with the UC group; ##P<0.001 compared with the UC/AG (10 ug/ml) group;
**P<0.01, ***P<0.001 compared with the UC/AG (20 pg/ml) group.

As the result shown in Figure 3C, UC group had
a higher percentage of Thl7 cells in CD4+
cells than the Control group. Andrographolide-
treated group or Mesalazine-treated group pre-
sented significant lower percentage of Th17
cells than UC group. These data suggested that
andrographolide could inhibited the activation
of IL-23/IL-17 axis in PBMCs from the mouse
model of colitis.

In addition, western blot analyses were used to
measure the expression of 1L-23, IL-17A, ROR-yt
(Th17 lineage-specific transcription factor [17]),
p-STAT3 and STAT3 in colon. The levels of IL-23,
IL-17A, ROR-yt and p-STAT3 were increased in
UC group, and decreased by andrographolide
or Mesalazine treatment (Figures 3D and S1).
Thesedatasuggestedtheinhibitoryeffectsofan-
drographolide on the activation of IL-23/IL-17
axis and STAT3 signaling in the colon tissues of
the mouse model of colitis.
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Effects of andrographolide in UC PBMCs

To further examine the effect of andrographo-
lide on UC, isolated UC PBMCs were treated
with various concentrations of andrographolide
and AG490, a STAT3 inhibitor. As the results
shown in Figure 4, UC PBMCs presented up-
regulated expression of proinflammatory fac-
tors, high percentage of Th17 cells, and incre-
ased expression of IL-23, IL-17A, ROR-yt and
p-STAT3 (Figures 4C and S2) as compared with
normal Control PBMCs. Further, andrographo-
lide treatment significantly reduced the concen-
trations of cytokines and the activated 1L-23/
IL-17 axis in a dose-dependent manner. AG490
showed similar effects as andrographolide.

Effects of andrographolide in LPS-treated
PBMCs

In addition, to study the effects of androgra-
pholide on PBMCs with active IL-23/1L-17 path-

Am J Transl Res 2018;10(2):465-473



Treatment of ulcerative colitis using andrographolide

A = Control == LPS/AG (20 pg/ml)
mm | PS = LPS/AG (30 pg/ml)
mm LPS/AG (10 pg/ml) = LPS/AG490
1501 20+
3 )
= 100 pt
2 S
8 1] =
s | €
8 . 8 s.ﬂllw
c C
5] G
S 5 | [
0= 0-

151

10

IL-1B

c

ROR-yt v oo ——

[L-23 oo S w— — e —

[L-17A 0 R c— a— S —

p-STAT3 =

STATI e s— — a— — —

GAFPDH s s o CEED GEED T

- - AG(10) AG(20) AG(30) AG490

. D SRR S— . —

LPS

CD47IL-17" cells (/CD4" cells)

Control

LPS

LPS/AG (20 pg/ml)
LPS/AG (30 pg/ml)
LPS/AG490

-
o
T

—
L]
B LPS/AG (10 pg/ml)
=
=
=

o
=
L

t=d
@
L

I
'S
1

e
X
'l

HHH | H

ROR-\ft p-STAT3/STAT3

e
o
L

Jed

IL-23 IL-17A

Relative expression (of GAPDH)

Figure 5. Effects of andrographolide in LPS-treated normal PBMCs. PBMCs isolated from healthy donors were pre-
treated with 10, 20 and 30 pg/mL of andrographolide (AG) or 10 ug/mL AG490 for 2 h, and then treated with 1 ug/
mL LPS for another 48 h. Control cells received no treatment. A: Proinflammatory factors TNF-, IL-13, IL-6 and IL.-23
in the culture medium were measured by ELISA assay. B: The percentages of CD4+IL-17+ cells in CD4+ cells were
assessed by antibody labeling and flow cytometry analysis. C: The protein levels of IL-23, IL-17A, ROR-yt, p-STAT3 and
STAT3 in PMBCs were detected by western blot. **P<0.01, ***P<0.001, compared with the LPS group; #P<0.05,
#P<0.01, #*P<0.001 compared with the LPS/AG (10 ug/ml) group; ***P<0.001 compared with the LPS/AG (20 pg/

ml) group.

way, PBMCs isolated from healthy donors were
treated with LPS to form inflammation model.
As illustrated in Figure 5, LPS treatment signifi-
cantly increased the concentrations of detect-
ed cytokines, the percentages of Thl7 cells
and the expression of relative proteins (Figures
5C and S3), which were significantly reduced by
pretreatment with andrographolide or AG490.

Discussion

The disordered immune response has been
suggested as a main cause of UC [2]. Emerging
evidences have supported the important role of
IL-23/1L-17 axis in the process of UC [4-7]. In
the present study, increased concentration of
TNF-q, IL-1B, IL-6 and IL-23 were detected in the
serum sample from UC patients compared with
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those from healthy donors, indicating the in-
creased inflammatory response in UC patients.
The percentages of Th17 (IL-17+CD4+) cells in
CD4+ cells from the PBMCs of UC patients were
higher than those from healthy donors, sug-
gesting that Th17 immune responses may in-
volve in the pathogenesis of UC (Figure 1).

AP extract (HMPL-004) [13, 14] and androgra-
pholide sulfonate [15] were efficient for the
treatment of UC and experimental colitis, res-
pectively. In the present study, we investigated
the therapeutic effect of andrographolide in
TNBS-induced experimental colitis. Mesalazine,
which is widely used for UC treatment [8], was
served as positive control. The results of HE
staining indicated the protective effect of an-

Am J Transl Res 2018;10(2):465-473
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drographolide and Mesalazine in TNBS-induced
colon damage (Figure 2). Subsequently, ELISA
and flow cytometry analyses demonstrated
the inhibitory effect of andrographolide and
Mesalazine against inflammation response. It
is worth noting that andrographolide has com-
parable effects as Mesalazine. Our study sug-
gests that andrographolide may be a promising
agent in the treatment of UC.

Moreover, we investigated the effects of andro-
grapholide on immune response and IL-23/IL-
17 axis. Andrographolide significantly decreas-
ed the concentration of TNF-«, IL-1j3, IL-6 and
IL-17A in colon (Figure 3A) and serum samples
(Figure 3B), which was induced by TNBS. The
percentages of Th17 (IL-17+CD4+) cells in CD4+
cells were also reduced by andrographolide
treatment (Figure 3C). These data demonstrat-
ed that andrographolide inhibited Th17 immune
response. ROR-yt is the key transcription factor
in the differentiation of Th17 cells [17]. Bacterial
antigens could active macrophages to secrete
proinflammatory factor IL-23, which induces
the activation of ROR-yt through STAT3 pathway
in CD4+ T cells [18]. STAT3 signaling pathway,
stimulated by cytokines, plays critical role in
cell proliferation, differentiation, apoptosis, cell
cycle and immunoregulation [19]. Here, the lev-
els of IL-23, IL-17A, ROR-yt and p-STAT3 in the
colon were increased in UC animal model as
compared to Control. Andrographolide treat-
ment significantly reduced the levels of above
proteins (Figure 3D). These data suggested
that andrographolide may inhibit Th17 immune
response via STAT3 signaling.

To further explore the possible mechanism of
andrographolide, we used PBMCs with various
treatments to investigate the mechanisms
involved in the inhibition effect of androgra-
pholide against IL-23/1L-17 axis. Corresponding
to our expectation, andrographolide treatment
decreased the ratio of Th17 cells in CD4+ cells
and the concentrations of down-stream cyto-
kines in UC PBMCs in a dose-dependent man-
ner (Figure 4A and 4B). In addition, IL-23/1L-17
axis related proteins in UC PBMCs were also
dose-dependently down-regulated by androgra-
pholide treatment (Figure 4C). These suggest-
ed the correspondence between the concen-
tration of andrographolide and IL-23/IL-17
activity. Further, PBMCs from healthy donors
were treated with LPS to form an inflammation
model and similar results were obtained after
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the treatment of andrographolide (Figure 5).
AG490, a JAK2 inhibitor, was used as positive
control [20]. Higher concentration of androgra-
pholide presented similar results compared to
AG490 group. Therefore, andrographolide sup-
presses inflammation response through the
inhibition of IL-23/IL-17 axis and the down-
stream signaling pathway.

In conclusion, we demonstrated that andro-
grapholide inhibits the activation of IL-23/IL-17
axis and down-stream pro-inflammatory factors
so as to suppress inflammation response, res-
ulting in the reliving of UC. We provide experi-
mental and theoretical foundation to the inves-
tigation of andrographolide as a novel therapy
method against UC.
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Figure S1. Original western images for Figure 3D.
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Figure S3. Original western images for Figure 5C.



